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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an epitaxial 
growing of a semiconductor single crystal layer, 
and more particularly, to a process of forming an 
epitaxially grown layer on a single crystal silicon 
substrate by photo-decomposing a gas raw ma- 
terial with an irradiation of ultraviolet laser light or 
lamp light, and an apparatus for carrying out the 
process. The present invention is applied to an 
epitaxial growth of a silicon (Si), germanium (Ge) or 
silicon-germanium (SiGe) single crystal layer (thin 
film). 

2. Description of the Related Art 

In a production of semiconductor devices such 
as bipolar transistors and MOS field effect transis- 
tors (FETs), an epitaxial growth temperature must 
be lowered when growing a single crystal epitaxial 
layer of Si, Ge or SiGe, to avoid the generation of 
lattice defects, and variations in the impurity diffu- 
sion profile in a single crystal (e.g., Si) substrate 
(wafer), to enable the miniaturization of a semicon- 
ductor device, such as a very-large-scale integra- 
tion (VLSI) device. 

Recently, instead of a thermal decomposition 
(hydrogen reduction) process having a growing 
temperature of 950 " C or more, a photo CVD pro- 
cess using a photoexciting reaction has been pro- 
posed for an epitaxial growth at a temperature 
lower than the above-mentioned CVD processes. In 
this case, the epitaxial growth of, e.g., Si, is per- 
formed at a temperature of from 600 to 900 # C. 
The photo CVD process however, requires a high 
temperature annealing treatment (at 900 *C or 
more) in an ultrahigh vacuum or a hydrogen at- 
mosphere, for removing (cleaning) a natural oxide 
layer formed on the substrate surface prior to the 
epitaxial growth, and requires an addition of hy- 
drogen gas to prevent the formation of an oxide 
layer during the epitaxial growth. 

Patent Abstracts of Japan, Vol. 11, No. 273 (C- 
455) [2720], 4th September 1987, equivalent to JP- 
A-6278191, discloses a method of forming on a 
substrate, at up to 300 *C, a n-type or p-type single 
crystal thin film, by photolysis, using UV-light, of a 
mixed gas of hydrogen, a fluorosilane and a silane. 

When the high temperature annealing treat- 
ment for removing the natural oxide layer is applied 
to a substrate in which impurity-doped (diffused) 
regions have been formed, the regions (i.e. diffu- 
sion profiles) are undesirably expanded. Since the 
use of hydrogen gas is potentially dangerous (e.g. 



an explosion could occur) in the operation of an 
epitaxial growth apparatus, it is preferable to avoid 
the use of hydrogen gas. 

Analogous procedures, additionally using B 2 H 6 
5 and PHa or AsHa, respectively, are disclosed in 
Patent Abstracts of Japan, Vol. 11, No. 273 (C-455) 
[2720], equivalent to JP-A-6278192 and JP-A- 
6278193. 

Yamada et al, Japanese Journal of Applied 
70 Physics; Supplement (18th Int. Conf. on Solid State 
Devices and Materials, Tokyo 1986), 20th-22nd Au- 
gust 1986, pages 217-220, Tokyo, Japan; discloses 
the photochemical vapour deposition of single cry- 
stal silicon on single crystal Si wafers from SiH 6 + 
75 SiH 2 F 2 or Sim + SiH 2 F 2 + H 2 at a temperature 
of 100 to 300 'C, using an ultraviolet light source 
emitting UV-light having a wavelength of 184.9 nm 
and 253.7 nm. The procedure using Si 2 H 6 + 
SiH 2 F 2 + H 2 and UV light at a wavelength of 184.9 
20 nm is also disclosed by Nishida et aj, Applied 
Physics Letters, Vol. 49, No. 2, July 1986, pages 
79-81, American Institute of Physics, New York, 
USA. 

SiH 2 F 2 gas is added in the hydrogen gas to 
25 generate SiF radicals therefrom at low temperature, 
100 to 300 'C; these radicals accelerate the re- 
moval of the natural oxide layer. Furthermore, the 
addition of SiH 2 F 2 gas to the gas raw material 
generates SiF radicals which prevent the formation 
30 of the oxide layer during the epitaxial growth. 
SiH 2 F 2 gas.however, is spontaneously combustible 
and is potentially more dangerous than hydrogen. 

SUMMARY OF THE INVENTION 

35 

According to the present invention, a process 
of epitaxially growing a silicon-germanium single 
crystal layer on a semiconductor single crystal 
substrate, comprises the steps of: 
40 cleaning the substrate surface by allowing a 

fluoride gas to flow over the substrate, wherein the 
fluoride gas is silicon fluoride, germanium fluoride, 
boron fluoride, arsenic fluoride or phosphorus flu- 
oride; 

45 applying ultraviolet light to decompose the flu- 

oride gas; 

allowing a silicon hydride of the formula 
Si n H 2n +2 (n » 2, 3, 4), a germanium hydride of the 
formula Ge m H 2m+2 (m = 1,2, 3), and the fluoride 
50 gas to flow simultaneously over the substrate; and 

decomposing the gases by ultraviolet light ex- 
citation, to deposit the layer on the surface of the 
substrate. 

According to further aspects of the invention, a 
55 silicon or germanium single crystal layer is grown 
epitaxially on a semiconductor single crystal sub- 
strate, by the steps defined above, with the proviso 
that neither germanium fluoride nor the germanium 
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hydride is used if a silicon single crystal layer is 
grown, and that neither silicon chloride nor the 
silicon hydride is used if a germanium single cry- 
stal layer is grown. 

DESCRIPTION OF THE INVENTION 

Preferably, the substrate is at 250-400 *C dur- 
ing the decomposition step. The substrate is pref- 
erably silicon or germanium. 

When the ultraviolet light irradiates the silicon 
hydride gas (and/or germanium hydride gas), the 
gas is decomposed to deposit Si (and/or Ge) on 
the Si or Ge substrate, with the result that the Si 
(and/or Ge) layer is epitaxial ly grown. When the 
ultraviolet light irradiates the fluoride gas of Si, Ge, 
B, As and/or P, the gas is decomposed to generate 
fluoride radicals of SiF, GeF, BF, AsF and/or PF 
which remove oxide to the inclusion of the oxide in 
the growing layer during the epitaxial growth pe- 
riod. This oxide is usually generated by a reaction 
with oxygen remaining within a reactor and is dif- 
fused through walls of the reactor and other parts 
of the apparatus. Furthermore, the fluoride radicals 
can be decomposed to generate elements of Si, 
Ge, B, As and P. The elements of Si and Ge 
contribute to the growth of the epitaxial layer, and 
the elements of B, As and P are contained in the 
epitaxial layer and serve as dopants for determin- 
ing the conductivity type. 

The addition of the fluoride gas in the raw 
material gas in the photo CVD process for epitaxial 
growth enables the epitaxial temperature to be 
made lower than that used in a conventional photo 
CVD process. 

Prior to the above-mentioned epitaxial growth 
of the Si, Ge or SiGe layer, the surface of the 
semiconductor single crystal substrate should be 
cleaned, i.e., a natural oxide layer formed on the 
substrate surface should be removed (etched out) 
by allowing the above-mentioned fluoride gas to 
flow over the substrate kept at a temperature of 
from a room temperature to 500 • C and by irradiat- 
ing the ultraviolet light onto the fluoride gas to 
decompose the gas by to a photoexitation. Namely, 
the decomposition of the fluoride gas generates the 
fluoride radicals which remove (etch) the natural 
oxide layer. The silicon fluoride (SiF, Si2F 6 ) gas, 
germanium fluoride (GeF*) gas, boron fluoride 
(BF 3 ) gas, arsenic fluoride (AsF 3l AsF 5 ) gas, and 
phosphorus fluoride (PF 3 , PF 5 ) gas used instead of 
the SiH 2 F 2 gas are incombustible, and thus are 
safer than the SiH 2 F2 gas. The germanium fluoride 
gas should not be used, prior to the epitaxial 
growth of the Si layer, and the silicon fluoride gas 
should not be used prior to the epitaxial growth of 
the Ge layer. 



Preferably, the ultraviolet light has a 
wavelength of from 250 to 150 nm, suitable for 
photoexciting the above-mentioned gases, and is 
irradiated by a laser or a high pressure mercury 
5 lamp. 

According to the present invention, the fluoride 
radicals such as SiF radicals are utilized in the 
epitaxial growth and the cleaning of the substrate 
surface. If the radical generation is interrupted, 

w between the cleaning step and the epitaxial growth 
step, a natural oxide layer may be formed on the 
substrate to prevent the epitaxial growth. Therefore, 
in practice, such an interruption must be avoided 
by continuously feeding the fluoride gas and by 

rs adding the raw material hydride gas to the flowing 
fluoride gas during the epitaxial growth period. 
Since, however, the gas flow rate is usually con- 
trolled by a mass flow controller, several seconds 
must pass before reaching a preset value of the 

20 flow rate, from the start of the flow of the raw 
material hydride gas. Taking this time-lag into con- 
sideration, the raw material hydride gas is fed at a 
flow rate larger than the preset value for several 
seconds from the start of the flow, and as a result, 

25 the deposition rate of the semiconductor single 
crystal layer may be temporarily increased: in the 
worst case, the epitaxial growth may be hampered. 

Another object of the present invention is to 
provide an epitaxial growth apparatus by which a 

30 procedure from the substrate surface cleaning to 
the photo CVD epitaxial growth is stably carried out 
without difficulty. 

The above-mentioned object is attained by pro- 
viding an apparatus for epitaxially growing a semi- 

35 conductor single crystal layer on a semiconductor 
single crystal substrate.comprising a reactor having 
a susceptor for said substrate and a window allow- 
ing a passage of ultraviolet light; an ultraviolet light 
source; a first inlet pipe for feeding a fluoride gas, 

40 which pipe is provided with a spray end portion 
thereof located above and close to the substrate; a 
second inlet pipe for feeding a raw material gas for 
the layer, which pipe is branched into a first branch 
pipe having a first valve and joined to said first inlet 

45 pipe, and a second branch pipe having a second 
valve and introduced into a region within the reac- 
tor not irradiated with the ultraviolet light. 

In the apparatus, the spray end portion for 
feeding the gases used for the cleaning and the 

so epitaxial growth is placed above and close to the 
substrate, to generate a slight pressure difference 
between that in the vicinity of the substrate and 
other regions within the reactor chamber. 

During the cleaning and epitaxial growth pro- 

55 cesses, the raw material gas is first fed into the not 
irradiated region to adjust and stabilize the flow 
rate thereof, and is then fed to the close vicinity of 
the substrate together with the fluoride gas, by 
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closing the second valve and simultaneously open- 
ing the first valve, whereby a stable photo CVD 
epitaxial growth is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more appar- 
ent from the description of the preferred embodi- 
ments set forth below with reference to the accom- 
panying drawings, in which: 

Fig. 1 is a schematic view of an epitaxial growth 
apparatus in a photo CVD system according to 
the present invention; 

Fig. 2 is a schematic sectional view of a hetero- 
junction bipolar transistor; and 
Fig. 3 is a schematic sectional view of another 
bipolar transistor 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to Fig. 1, an epitaxial growth appara- 
tus having an improved pipeline system is used for 
epitaxially growing (depositing, forming) a semicon- 
ductor single crystalline layer on an semiconductor 
single crystal substrate by utilizing a photoexcita- 
tion reaction caused by an ultraviolet irradiation in 
accordance with the present invention. 

The apparatus comprises a vacuum reactor 
chamber 2 with a transparent window 1 allowing a 
passage of ultraviolet light 12, and an ultraviolet 
light generator 3 (e.g., ArF excimer laser, a high 
pressure mercury lamp or the like). The reactor 
chamber 2 is communicated to a vacuum exhaust 
system (e.g., vacuum pump) 4 and is provided with 
an X-Y stage 5, a heating susceptor 6, and a pipe 
guide 7 for the ultraviolet light within the chamber 
2. Gas inlet pipes 8 and 9 for feeding an inert gas 
(e.g., nitrogen (N 2 ) gas) are fixed to the reactor 
chamber 2. A first inlet pipe 22 for feeding a 
fluoride gas (e.g., Si 2 F 6 , GeF, BF or the like) and 
having a mass flow controller 23 is set such that a 
spray end portion 24 thereof is located above and 
close to a semiconductor substrate (wafer) 11 set 
on the susceptor 6. The spray end portion 24 is 
provided with spraying pores distributed in a space 
corresponding to the size of the substrate 11 and 
arranged at a position at which it will not obstruct 
the ultraviolet irradiation. A second inlet pipe 15 for 
feeding a material hydride gas (e.g., Si 2 He , GeH) 
is provided with a mass flow controller 16 and is 
branched, downstream of the controller 16, in a first 
branch pipe 17 with a first valve 19 and a second 
branch pipe 18 with a second valve 20. The first 
branch pipe 17 is joined to the first inlet pipe 22, to 
spray the hydride gas together with the fluoride 
gas through the spray end portion 24. The end 
portion of the second branch pipe 18 is open in a 



region within the reactor chamber 2 not irradiated 
with the ultraviolet light, to provide a bypass feed 
of the hydride gas into the reactor chamber 2. 

5 Example 1 

According to the process of the present inven- 
tion, a Si single crystalline layer is formed on a Si 
single crystalline substrate 1 1 in the following man- 
70 ner. 

First, the Si substrate 11 is placed on the 
heating susceptor 6, the reactor chamber 2 is then 
exhausted by the vacuum exhaust system 4 to 
generate a vacuum and pressure of approximately 

75 0.133 mPa (1 x 10~ 6 Torr), and nitrogen (N 2 ) gas 
having a flow rate of 10 SCCM is continuously 
introduced into the reaction chamber 2 through the 
pipes 8 and 9 to form an inert gas atmosphere 
having a pressure of 4 Torr. 

20 The Si substrate 11 is heated and kept at a 

temperature of 400 *C and silicon fluoride (Si2F 6 ) 
gas is continuously fed at a flow rate of 15 SCCM 
through the first inlet pipe 22 and the spray end 
portion 24. Under the above-mentioned conditions, 

25 an ArF excimer laser device 4 as the ultraviolet 
light generator irradiates a laser ray (wavelength: 
193 nm) 12 over the whole surface of the Si 
substrate 11 through a transparent window 1. The 
laser irradiation is performed for 10 minutes to etch 

30 (remove) a natural oxide layer formed on the Si 
substrate surface by a reduction of SiF radicals 
generated from the Si2F6 gas, whereby the surface 
of the Si substrate 1 1 is cleaned. 

Just before the end of the surface cleaning 

35 process, Si2He gas as a raw material gas is passed 
into a not irradiated region within the reactor cham- 
ber 2 through the second branch pipe 18 from the 
second inlet pipe 15, by opening the second valve 
20, at a flow rate of 0.2 SCCM. At this time, since 

40 the Si 2 Fg gas flows out of the spray end portion 24, 
the introduced Si2He gas does not flow on the Si 
substrate 11. When the flow rate of the Si 2 H 6 gas 
becomes stable, the second valve 20 is closed, 
and simultaneously the first valve 19 is opened, to 

45 feed the Si 2 H 5 gas into the first inlet pipe 22 to 
flow together with the Si2Fe gas onto the Si sub- 
strate 11. When the Si 2 H 6 gas is irradiated with the 
ArF excimer laser ray 12 and decomposed by 
photo excitation, Si is deposited on the cleaned 

50 surface of the Si substrate to epitaxially grow a Si 
single crystal layer thereon. This epitaxial growth of 
Si after the cleaning forms an Si layer having a 
thickness of approximately 0.4 urn, in 10 minutes. 
The single crystallizability of the formed Si layer is 

55 confirmed by an electron channeling pattern (ECP) 
technique. During the epitaxial growth, it is possible 
to prevent an inclusion of oxide contaminants (par- 
ticles) generated by a reaction of Si with oxygen 
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diffused out of the walls of the reactor chamber 2 
in the growing Si layer, by both the reduction effect 
of SiF radicals and the direct reduction effect of 
ultraviolet irradiation on the oxide particles. The SiF 
radicals are generated not only directly by a photo- 
decomposition of the ultraviolet light of Si2F 6 gas 
but also indirectly by the effect of other radicals 
generated by the photo-decomposition of Si2H 6 
gas. 

Example 2 

In the formation process of the Si layer of the 
above-mentioned Example 1, a Ge single crystal 
substrate is used instead of the Si single crystal 
substrate. Namely, the cleaning process and the 
epitaxial growth process are performed under the 
same conditions as Example 1, but the semicon- 
ductor material of the substrate is different. As a 
result, an Si single crystal layer is obtained (epitax- 
ially grown). 

Example 3 

In the formation process of the Si layer of the 
above-mentioned Example 1, a mixture of Si2H 6 
gas (50 vol%) and Si 3 H 8 gas (50 vol%) is used 
instead of Si2H 6 gas only, as the raw material gas. 
In this case, the Si single crystal layer is also 
obtained (epitaxially grown) on the Si substrate. 

Example 4 

In the formation process of the Si layer of 
Example 1, a boron fluoride (BF2) gas is used 
instead of the Si 2 F 6 gas. In this case, the Si single 
crystal layer is obtained (epitaxially grown) on the 
Si substrate and contains a boron dopant therein, 
and thus has a p-type conductivity. 

Comparative Example A 

An Si layer is formed on a Si single crystal 
substrate under the same conditions as those of 
the above-mentioned Example 1 except that the 
cleaning process is omitted. In this case, the Si 
substrate is heated at 400 *C and the Si2F 6 gas (15 
SCCM) and Si 2 H 6 gas (0.2 SCCM) are simulta- 
neously fed through the spray end portion 24. 
Thereafter, the ArF excimer laser ray 12 is irradi- 
ated to deposit Si and to form a Si layer on the Si 
substrate 1 1 . When the formed Si layer was exam- 
ined by the EPC technique, it was confirmed that 
the Si layer was not a single crystal layer. 



Example 5 

According to the process of the present inven- 
tion, a Ge single crystal layer is formed on a Si 

5 single crystal substrate by using the apparatus 
shown in Fig. 1 , in the following manner. 

First, the Si substrate 11 is placed on the 
heating susceptor 6, then reactor chamber 2 is the 
exhausted to reach a pressure of approximately 

w 0.133 mPa (1 x 10~ 6 Torr), and N 2 gas is continu- 
ously fed at a flow rate of 10 SCCM into the 
reaction chamber 2 to form an inert gas atmo- 
sphere at a pressure of 533 Pa (4 Torr). The Si 
substrate 1 1 is heated and held at a temperature of 

15 250 - 400* C, and germanium fluoride (GeFO gas 
is continuously fed at a flow rate of 5 SCCM 
through the spray end portion 24. The ArF laser 
ray 12 is incident on the Si substrate 11 through 
the window 1 to remove a natural oxide layer from 

20 the Si substrate surface, for 60 minutes. 

Next, GeH 4 gas (0.1 SCCM) is first fed into a 
not irradiated region in the reaction chamber 2 
through the second branch pipe 18, and then fed 
into the first inlet pipe 2 to flow GeH 4 gas and 

25 GeF 4 gas over the Si substrate 11 through the 
spray end portion 24 by controlling the first and 
second valves 19 and 20, as explained in Example 
1. As a result, GeH* gas is photo-excited to be 
compressed, and thus Ge is deposited on the 

30 cleaned Si substrate surface to epitaxially grow a 
Ge single crystal layer having a thickness of ap- 
proximately 10 nm, in 10 minutes. The single 
crystallinity of the formed Ge layer is conformed by 
the ECP technique. 

35 

Example 6 

In the formation process of Ge layer of the 
above-mentioned Example 5, a Ge single crystal- 
40 line substrate is used instead of the Si substrate. In 
this case, the Ge single crystal layer is also ob- 
tained (epitaxially grown). 

Comparative Example B 

45 

A Ge layer is formed on the Si substrate under 
the same conditions as those of Example 4, except 
that the cleaning process is omitted. In this case, 
the Si substrate is heated at 250 - 400 • C, and the 

50 GeF* gas (5 SCCM) and GeH 4 gas (0.1 SCCM) are 
simultaneously fed through the spray end portion 
24. Thereafter, the ArF excimer laser ray 12 is 
irradiated to deposit Ge and form the Ge layer on 
the Si substrate 11. When the formed Ge layer was 

55 examined by the EPC technique, it was confirmed 
that the Ge layer was not a single crystalline layer. 
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Example 7 

According to the process of the present inven- 
tion, an SiGe single crystal layer is formed on an Si 
single crystal substrate by using the above-men- 
tioned epitaxial growth apparatus, in the following 
manner. 

The Si substrate 11 is placed on the heating 
susceptor 6, the reactor chamber 2 is then ex- 
hausted, and N2 gas is continuously fed at a flow 
rate of 10 SCCM into the reactor chamber 2 to 
form an inert atmosphere at a pressure of 533 Pa 
(4 Torr). The Si substrate 1 1 is heated and held at 
250 - 400 ' C and a mixed fluoride gas (5 SCCM) of 
Si 2 F 6 gas (50 vol%) and GeF 4 gas (50 vol%) is 
continuously fed through the spray end portion 24. 
A high pressure mercury lamp 3 irradiates an ul- 
traviolet light 12 on the Si substrate 11 through the 
window 1 to remove a natural oxide layer from the 
Si substrate surface, for 60 minutes. 

Next, a mixed hydride gas (5 SCCM) of Si2H6 
gas (50 vol%) and GeH* gas (50 vol%) is fed into a 
not irradiated region through the second branch 
pipe 18 and then fed into the first inlet pipe 22 to 
pass the mixed gas of the above-mentioned four 
gases over the Si substrate 11 through the spray 
end portion 24 by controlling the valves 19 and 20, 
as explained in Example 1 . As a result, the hydride 
gases are photoexcited to be decomposed, where- 
by Si and Ge are deposited on the clean Si sub- 
strate surface to epitaxially grow the SiGe single 
crystal layer having a thickness of approximately 
10 nm, in 10 minutes. The formed SiGe layer is 
confirmed by the EPC technique to be a single 
crystal. 

Comparative Example C 

A SiGe layer is formed on the Si substrate 
under the same conditions as those of Example 7 
except that the cleaning process is omitted. The 
formed SiGe layer is examined by the ECP tech- 
nique to confirm that the SiGe layer is not a single 
crystal layer. 

As mentioned above, the cleaning process of 
the substrate surface and the epitaxial growth pro- 
cess of the Si, Ge or SiGe layer are performed at a 
temperature lower than in a conventional case, by 
using a specific fluoride gas and hydride gas with- 
out hydrogen gas and utilizing ultraviolet irradiation 
to cause a photoexcitation of the gases. 

The semiconductor single crystal layer epitax- 
ially grown in accordance with the process of the 
present invention can be used in semiconductor 
devices, e.g., bipolar transistors, as shown in Figs. 
2 and 3. 

In Fig. 2, a hetero-j unction bipolar transistor 
(HBT) comprises an Si single crystal collector sub- 



strate 26, an SiGe single crystal base layer 27, and 
a Si single crystal emitter layer 28. The SiGe layer 
27 is epitaxially grown on the Si substrate 26 in a 
similar manner to that of Example 7, according to 

5 the present invention. The Si layer 28 is also epi- 
taxially grown on the SiGe layer 27, by stopping 
the feeding of the germanium fluoride gas and 
germanium hydride gas and by continuously feed- 
ing the silicon fluoride gas and silicon hydride gas 

10 under the ultraviolet light irradiation. After the for- 
mation of the Si layer 28, the Si layer 28 and the 
SiGe layer 27 are selectively etched to form a 
mesa portion of the Si layer 28 and a portion of the 
SiGe layer 27, as shown in Fig. 2. Then suitable 

15 insulating layers and electrodes are formed in a 
conventional manner. 

In Fig. 3, a bipolar transistor comprises an n- 
type Si single crystal collector substrate 31, a p- 
type Si single crystal base layer 32A, and an n- 

20 type impurity doped emitter region 33. The Si 
substrate 31 is selectively and thermally oxidized 
to form a field oxide (Si0 2 ) layer 34. Then the Si 
layer 32A is epitaxially grown on the Si substrate 
31 in a similar manner to that of Example 1 accord- 

25 ing to the present invention. In this case, a boron 
fluoride (BF 2 ) gas is added to the Si 2 F 5 gas for p- 
type doping, and at the same time, a Si polycrystal 
layer 32B is formed on the oxide layer 34. The Si 
polycrystalline layer 32B is patterned by a conven- 

30 tional sective etching process to form a conductive • 
line for a base electrode. An insulating layer 35 is 
formed over the whole surface and selectively 
etched to open an emitter contact hole, and As (or 
P) ions are doped in the Si layer 32A through the 

35 emitter contact hole by an ion-implantation process 
to form the n-type emitter region 33. The insulating 
layer 35 is selectively etched to open a base 
contact hole. Then a metal (Al-Si-Cu alloy) is 
formed over the whole surface and is patterned to 

40 form an emitter electrode 36, a base electrode 37, 
and a collector electrode indicated by a symbol 
"C rt . 

Claims 

45 

1. A process of epitaxially growing a silicon-ger- 
manium single crystal layer on a semiconduc- 
tor single crystal substrate, comprising the 
steps of: 

50 cleaning the substrate surface by allowing 

a fluoride gas to flow over the substrate, 
wherein the fluoride gas is silicon fluoride, ger- 
manium fluoride, boron fluoride, arsenic flu- 
oride or phosphorus fluoride; 

55 applying ultraviolet light to decompose the 

fluoride gas; 

allowing a silicon hydride of the formula 
Si n H 2n +2 (n = 2, 3, 4), a germanium hydride of 



7 



11 



EP 0 368 651 B1 



12 



the formula Ge m H 2m+2 (m = 1,2, 3), and the 
fluoride gas to flow simultaneously over the 
substrate; and 

decomposing the gases by ultraviolet light 
excitation, to deposit the layer on the surface 5 
of the substrate. 

2. A process of epitaxially growing a silicon sin- 
gle crystal layer on a semiconductor single 
crystal substrate, comprising the steps defined w 
in claim 1, except that neither germanium flu- 
oride nor the germanium hydride is used. 

3. A process of epitaxially growing a germanium 
single crystal layer on a semiconductor single 75 
crystal substrate, comprising the steps defined 

in claim 1, except that neither silicon fluoride 
nor the silicon hydride is used. 

4. A process according to any preceding claim, 20 
wherein the substrate is at 250 to 400 9 C dur- 
ing the decomposition step. 

5. A process according to any preceding claim, 
wherein the substrate is silicon or germanium. 25 

6. A process according to any preceding claim, 
wherein the substrate is maintained at ambient 
temperature to 500 9 C during the cleaning 
step. 30 

7. A process according to any preceding claim, 
wherein the ultraviolet light has a wavelength 
of from 250 to 150 nm. 

35 

8- A process according to claim 7, wherein the 
ultraviolet light is irradiated from a laser or 
from a high-pressure mercury lamp. 

9. Apparatus for epitaxially growing a semicon- 40 
ductor single crystal layer on a semiconductor 
single crystal substrate, comprising: 

a reactor having a susceptor for said sub- 
strate and a window allowing passage of ul- 
traviolet light; 45 

an ultraviolet light source; 

a first inlet pipe for feeding a fluoride gas, 
which pipe is provided with a spray end por- 
tion thereof located above and close to the 
substrate; and 50 

a second inlet pipe for feeding a gas com- 
prising the raw material for the layer, which 
branches into a first branch pipe having a first 
valve and joined to the first inlet pipe, and a 
second branch pipe having a second valve and 55 
leading into a region within the reactor not 
irradiatable with the ultraviolet light. 



PatentansprUche 

1. Ein Verfahren fOr epitaxiales Wachsen einer 
Silizium-Germanium-Einkristallschicht auf ei- 
nem Halbleitereinkristallsubstrat mit den Schrit- 
ten: 

SSubern der Substratoberflache, indem er- 
moglicht wird, daB ein Fluoridgas das Substrat 
Uberstromt, bei dem das Fluoridgas Silizium- 
fluorid, Germaniumfluorid, Borfluorid, Arsen- 
fluorid oder Phosphorfluorid ist; 

Anwenden von ultraviolettem Licht, um das 
Fluoridgas zu zersetzen; 

Ermoglichen, daB ein Siliziumhydrid der 
Formel Si n H 2n+2 (n = 2, 3, 4), ein Germani- 
umhydrid der Formel Ge m H 2m+2 (m = 1, 2, 3) 
und das Fluoridgas das Substrat gleichzeitig 
Uberstromen; und 

Zersetzen der Gase durch Anregung durch 
ultraviolettes Licht, um die Schicht auf der 
Oberflache des Substrats abzuscheiden. 

2. Ein Verfahren fur epitaxiales Wachsen einer 
Silizium-Einkristallschicht auf einem Halbleiter- 
einkristallsubstrat mit den Schritten, die in An- 
spruch 1 definiert sind, auBer daB weder Ger- 
maniumfluorid noch das Germaniumhydrid ver- 
wendet wird. 

3. Ein Verfahren fur epitaxiales Wachsen einer 
Germanium-Einkristallschicht auf einem Halb- 
leitereinkristallsubstrat mit den Schritten, die in 
Anspruch 1 definiert sind, auSer daB weder 
Siliziumfluorid noch das Siliziumhydrid verwen- 
det wird. 

4. Ein Verfahren nach irgendeinem vorhergehen- 
den Anspruch, bei dem das Substrat wahrend 
des Zersetzungsschrittes 250 bis 400 *C hat. 

5. Ein Verfahren nach irgendeinem vorhergehen- 
den Anspruch, bei dem das Substrat Silizium 
Oder Germanium ist. 

6. Ein Verfahren nach irgendeinem vorhergehen- 
den Anspruch, bei dem das Substrat wahrend 
des Sauberungsschrittes auf Umgebungstem- 
peratur bis 500 • C gehalten wird. 

7. Ein Verfahren nach irgendeinem vorhergehen- 
den Anspruch, bei dem das ultraviolette Licht 
eine Wellenlange von 250 bis 150 nm hat. 

8. Ein Verfahren nach Anspruch 7, bei dem das 
ultraviolette Licht von einem Laser oder von 
einer Quecksilberhochdrucklampe eingestrahlt 
wird. 
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9. Vorrichtung fUr epitaxiales Wachsen einer 
Halbleitereinkristallschicht auf einem Halbleiter- 
einkristallsubstrat mit: 

einem Reaktor, der einen Tra'ger fCJr das 
genannte Substrat und ein Fenster hat, das ein 5 
Hindurchtreten von ultraviolettem Licht gestat- 
tet; 

einer Ultraviolettlichtquelle; 

einer ersten EinlaBrohre zum ZufUhren ei- 
nes Fluoridgases, welche Rohre mit einem w 
SprUhendabschnitt dafUr versehen ist, der Ober 
und nahe dem Substrat angeordnet ist; und 

einer zweiten EinlaBrohre zum ZufOhren 
eines Gases, das den Ausgangsstoff fUr die 
Schicht umfaflt, die in eine erste Zweigrohre, 75 
die ein erstes Ventil hat und mit der ersten 
EinlaBrohre verbunden ist, und eine zweite 
Zweigrohre, die ein zweites Ventil hat und in 
eine Zone innerhalb des Reaktors fuhrt, die mit 
dem ultravioletten Licht nicht bestrahlbar ist, 20 
verzweigt ist. 

Revendications 

1- Un procede de croissance epitaxiale d'une 25 
couche monocristalline de silicium-germanium 
sur un substrat monocristallin de semiconduc- 
teur, comprenant les etapes suivantes: 

nettoyage de la surface du substrat en 
laissant un fluorure gazeux s'ecouler au-des- 30 
sus du substrat, le fluorure gazeux etant du 
fluorure de silicium, du fluorure de germanium, 
du fluorure de bore, du fluorure d'arsenic ou 
du fluorure de phosphore; 

application d'une lumiere ultraviolette pour 35 
decomposer le fluorure gazeux; 

ecoulement simultane d'un hydrure de sili- 
cium de formule Si n H 2n +2 (n= 2,3,4), d'un hy- 
drure de germanium de formule Ge m H 2 m+2 - 
(m= 1,2,3) et du fluorure gazeux au-dessus du 40 
substrat; et 

decomposition des gaz par une excitation 
lumineuse ultraviolette afin de de poser la cou- 
che sur la surface du substrat. 

45 

2. Un procede de croissance epitaxiale d'une 
couche monocristalline de silicium sur un 
substrat monocristallin de semiconductor, 
comprenant les Stapes denies dans la reven- 
dication 1 , excepte que ni le fluorure de ger- so 
manium ni I'hydrure de germanium ne sont 
utilises. 

3. Un procede de croissance epitaxiale d'une 
couche monocristalline de germanium sur un 55 
substrat monocristallin de semiconducteur, 
comprenant les Stapes definies dans la reven- 
dication 1, excepte* que ni le fluorure de sili- 



cium ni I'hydrure de silicium ne sont utilises. 

4. Un procede selon Tune quelconque des reven- 
dications pr6c4dentes, dans lequel le substrat 
est a une temperature comprise entre 250 et 
400 • C durant l'6tape de decomposition. 

5. Un procedg selon I'une quelconque des reven- 
dications pr^c^dentes, dans lequel le substrat 
est du silicium ou du germanium. 

6. Un procede selon I'une quelconque des reven- 
dications pr£cedentes, dans lequel le substrat 
est maintenu a une temperature comprise en- 
tre la temperature ambiante et 500 *C durant 
retape de nettoyage. 

7. Un procede selon I'une quelconque des reven- 
dications precedentes, dans lequel la lumiere 
ultraviolette a une longueur d'onde comprise 
entre 250 et 150 nm. 

8. Un procede selon la revendication 7, dans 
lequel la lumiere ultraviolette est irradiee par 
un laser ou une lampe a mercure a haute 
pression. 

9. Un appareil de croissance epitaxiale d'une 
couche monocristalline de semiconducteur sur 
un substrat monocristallin de semiconducteur, 
comprenant: 

un reacteur ay ant un susceptor pour ledit 
substrat et une fenetre permettant le passage 
de lumiere ultraviolette; 

une source de lumiere ultraviolette; 

un premier tube d'entree pour I'alimenta- 
tion en fluorure gazeux, ledit tube etant muni 
d'une partie d'extremite de pulverisation situee 
au-dessus et a proximite du substrat; et 

un second tube d'entree pour I'alimenta- 
tion en gaz destine a constituer la matiere 
premiere de la couche, ledit tube etant ramifie 
en un premier tube de derivation muni d'une 
premiere vanne et raccorde au premier tube 
d'entree, et un second tube de derivation muni 
d'une seconde vanne et debouchant dans une 
zone interne du reacteur non irradiee par la 
lumiere ultraviolette. 
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